A mixed-phase liquid chromatographic column was used to assay fluconazole in plasma, serum, and cerebrospinal fluid. The assay was linear from 0.2 to 20 tLg/ml, with an average coefficient of variation of less than 5%. The partitioning of the drug between serum and cerebrospinal fluid was determined for 34 patients.
Fluconazole is part of a growing family of triazole antifungal drugs which exhibit a broad spectrum of activity. It has desirable pharmacologic properties, including a relatively long half-life, the ability to be administered either orally or parenterally, and good penetration into cerebrospinal fluid (CSF) (1, 3, 5) . With respect to side effects, it is superior to imidazole antifungal drugs introduced earlier (8) . It has already been approved by the U.S. Food and Drug Administration for the treatment of certain systemic fungal infections and is currently in clinical use in the United States and Europe as well as in clinical trials for other applications. A continuing increase in systemic fungal infections concomitant with growing immunosuppressed population established the relevance of fluconazole in the drug treatment arena. ' Several assays are currently in use for determining fluconazole concentrations in biologic specimens. Both gas-liquid chromatographic (2, 4) and high-performance liquid chromatographic (HPLC) (7) assays have been reported. Bioassay techniques are also available (6).
The assay described in this report is an HPLC method that is done with a m-ixed-phase column and UV spectrophotometric detection. It has been developed for determining drug concentrations in serum, plasma, and cerebrospinal fluid (CSF). Chromatographic conditions. The mobile phase was prepared by mixing acetonitrile with filtered 0.051 M monobasic phosphate buffer adjusted to pH of 3.0 at 15:85 (vol/vol). The flow rate was 0.9 ml/min. The UV detector was set at a wavelength of 210 nm. The HPLC apparatus was operated at room temperature (25 to 28°C).
MATERIALS AND METHODS
Standards and controls. Stock standards at concentrations of 1 and 100 ,ug/ml in methanol were prepared by placing appropriate amounts of fluconazole in polypropylene tubes with screw-cap tops and then adding 0.10 ml of methanol. Working serum standards with fluconazole concentrations of 0.0, 0.2, 0.5, 1.0, 2.0, 2.5, 5.0, 10.0, 15.0, 20.0, 40.0, 50.0, and 100 ,ug/ml were prepared by placing various amounts of the two stock standard solutions in 15-ml glass tubes, taking the methanol to near dryness, and resuspending the fluconazole residue in drug-free serum. Controls with concentrations of 2.0, 7.5, and 33.5 ,ug/ml were similarly prepared. All of the working standards and the controls were included with each batch of specimens analyzed. Assay procedure. A 0.5-ml aliquot of plasma, serum, or CSF was pipetted into a tube with a Teflon-lined cap. Approximately 0.5 g of NaHC03-Na2CO3 (2:1) was added to the specimen to adjust the pH to 9.0 and to provide a salting-out effect. Extracting solvent (3.0 ml) was added to the tube. The extracting mixture was methylene chloride containing 1 
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RESULTS
A chromatogram of a serum sample containing no fluconazole but spiked with an appropriate amount of the internal standard is shown in Fig. 2 . A chromatogram of a serum sample spiked with 10 p.g of fluconazole per ml and the internal standard is shown in Fig. 3 . A chromatogram of a patient serum sample containing 17.9 p.g of fluconazole per ml is shown in Fig. 4 . Fluconazole was well separated from the internal standard and endogenous serum peaks. Figure 5 shows the results for a patient extract analyzed by a previously described gas-liquid chromatographic procedure (4) .
Standard curves were constructed by plotting the peak area ratios, which were calculated by dividing the peak area of fluconazole by the peak area of the internal standard, against the concentrations of the standards. The assay was found to be linear from 0.2 to 20 p.g of fluconazole per ml in serum.
A study was performed to determine the accuracy and precision of the assay. Known amounts of fluconazole were added to five serum samples. Ten extractions were performed with each fortified sample, and the concentrations were measured. The results are shown in The assay had within-run or run-to-run coefficients of variation of 5.1% (n = 10) and 5.9% (n = 10), respectively, at a concentration of 5.0 jig/ml and of 3.3% (n = 10) and 3.9% (n = 10), respectively, at a concentration of 20.0 ,ug/ml.
In practice, the linearity of the method was observed at concentrations of up to 200 Rg/ml. Absolute recoveries of fluconazole were close to 100% (Table 1) .
A comparison was also made between the proposed assay and an established gas-liquid chromatographic method for assaying fluconazole (4) (Fig. 6) . Fifty-eight samples from actual patients receiving fluconazole therapy and containing fluconazole concentrations ranging from 0.0 to 34 ,ug/ml were assayed by both the HPLC method presented here and the reference method. Regression analysis on the resulting data demonstrated a high degree of correlation (r = 0.9978) between the two methods.
Another study was performed to determine the relative distributions of fluconazole in serum and CSF. The concentrations of fluconazole were determined in CSF and serum samples drawn simultaneously from patients participating in clinical trials of fluconazole efficiency. The samples were drawn at different time intervals postfluconazole dosing. The ratio of the concentration of fluconazole in serum to that in CSF was found to be constant for the time interval allowed between the administration of the drug and the drawing of the samples. The mean ratio was 1.21, and the coefficient of variation was 11.1% (n = 40).
Time (mins) FIG. 5. Chromatogram of the same patient extract as that shown in Fig. 4 but assayed by a previously reported gas-liquid chromatographic procedure (4).
DISCUSSION
The assay described here was done with a mixed stationary phase in the analytical column. This adaption serves as an improvement over the use of either a reverse-phase (C-18) or a normal-phase (CN) column. The combination of stationary phases effectively separates the drug from the internal standard and removes both from endogenous biologic materials that may be coextracted with the drug. Other, published techniques do not provide as clean a biologic extract as does the proposed method described in this report.
The extraction procedure is a single-step operation, and the alkaline conditions used provide for the selective removal of fluconazole from neutral and acidic analytes that may be given concomitantly to patients. Injection of a cleaner extract permits greater reproducibility between chromatographic assays and provides for a longer life of the analytical column, both of which are highly desirable situations for clinical laboratory environments.
Several other triazole analogs of fluconazole were evaluated for possible inference with this assay. None of them yielded retention times near that of fluconazole or its internal standard.
The linearity range achieved for this assay (0.2 to 20
,ug/ml) effectively covers the therapeutic range for fluconazole. The assay routinely takes less than 90 min to perform, including chromatography time, providing a turnaround time appropriate for clinical laboratory use.
In summary, the proposed fluconazole procedure meets the sensitivity, specificity, and time requirements for both therapeutic drug monitoring and pharmacokinetic studies.
